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PREFACE
The work described in this report is being conducted under
NASA contract NAS3-10941 by the Westinghouse electric Corporation,
Aerospace Electrical Division for the NASA Lewis Research Center.
The Technical Project Manager is Mr. R. A. Lindberg of the Lewis
Space Power Systems Division.
The program is being administered for the Westinghouse Electric
Corporation by Mr. J. W. Toth, Program Manager. Mr. W. L. Grant is
the Principal Investigator for component testing and for the thermal
endurance testing of an alternator stator and bore seal in a simu-
lated space environment. In addition, he is the Principle Investi-
gator for the design, fabrication, and testing of a compression--fit,
pyrolytic boron nitride insulated statorette. Mr. A. J. Krause is
responsible for planning the post-endurance test analyses and evalua-
tion of the high-temperature electrical components. Mr. R. E. Staple-
ton is the Principal Investigator for the development, testing, and
evaluation of a high temperature capacitor.
t
ABSTRACT
The high-temperature alternator stator and bore seal success-
fully completed a 10,000-hour test period at 1300 0 F in a simulated
space environment. Stator insulation (rigid alumina slot liners
and "S" glass) and conductor (Inconel-clad silver) performance re-
mained constant during this report period.
A single-wafer pyrolytic boron nitride capacitor with platinum
•_	
_ ..
vacuum <1x10'S for	 Capacitance
° Felectrodes exhibited good stability during a 50 cycle, 300 0 1 00
thermal shock test conducted in ac 	 r)	 .
and dissipation factor remained essentially unchanged during testing. 	 j
I
Pxro.l.ytic boron nitride slot insulation has been sliced and
rough-machined for a compression fit high-temperature statorette.
The electrical discharge machined iron-cobalt statorette laminations
were electron beam welded. Statorette stack slot sides appear very
r
smooth
r
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SECTION I
INTRODUCTION
Advanced space electric power systems will require magnetic
materials, electrical conductors, and electrical insulations capa-
ble of long term stable operation at high temperatures in a vacuum
or an alkali metal vapor environment. Bore seals, which isolate
alternator stators from alkali metal in rotor cavities, are included
in designs for these future systems. A series of programs have been
directed toward determining the stability of materials and develop-
ing the materials and technology required to implement future space
electric power systems.
The stability of individual materials at temperatures up to
1600° F and at times up to 2000 hours were investigated under NASA
contract NAS3-4162. Results of these investigations were reported
in three topical reports: Magnetic Materials (NASA-CR-54091),
Electrical Conductor and Electrical. Insulation Materials (NASA-CR-
54092), and Bore Seal Technology (NASA-CR-54093).
Thermal stability tests of combined electrical materials were
performed under contract NA53-6465. A transformer, two solenoids,
and an alternator stator were designed, fabricated, and endurance
tested at 1;100° F for 5000 hours in a simulated space environment.
The thermal endurance test results were reported in the Bore Seal
Development and Simulated Space Evaluation of High-Temperature
Electrical Materials and Components Topical Report (WAED 67.46E).
A stator, a-bore seal capsule containing potassium, two solenoids,
and a transformer were designed for 1300° F service in a space
vacuum environment. These devices were fabricated and sub ected to
1300" F thermal endurance testing at a pressure in the 10- tore'
range for 5000 hours. Continuing tests of the stator and bore
seal capsule through 10,000 hours is one of the objectives, of the
present program.
 
1968 toquarterlyThis 
	
covering
October 19, 1968describes thework accomplishedu 	 ^under contracter
NAS3- 10941. The report is organized into three main sections de-
scribing the effort on three tasks in the program. The three tasks
are as follows:
Task I Continuation of a 1300° F Hot Spot, 5000-Hour
Test on Electrical Component Models to 10,000
Hours.
Task II	 High Temperature Capacitor Development
4
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Task III - Evaluation, Construction, and Endurance Testing
of Compression Sealed Boron Nitride Slot Insulation.
Task I includes continuing to 10,000 hours, the 1300° F thermal
endurance test of the stator and the bore seal. The bore seal assem-
bly consists of a 99.8% beryll.ia tube joined to columbium-1 percent
zirconium ends by an active metal braze. This bore seal capsule as-
sembly, containing potassium, is located in the stator cavity during
testing. The thermal endurance test (started on NASA contract NAS3-
6465) is being conducted in a sputter-ion pumped chamber at a pres-
sure in the 10- 9 tom range. Stator conductor and insulation perform-
ance are monitored regularly. A post endurance test evaluation of the
1.300° F devices will be performed as a part of task I. These devices
consist of the aforementioned 10,004-hour exposed stator and bore seal,
and the 5000-hour exposed solenoids and transformer.
Task II, High-Temperature Capacitor Development, is directed
toward improving the high-temperature stability of pyrolytic boron
nitride capacitors which were developed under NASA contract NAS3-6465.-
Methods of reducing or eliminating the diffusion bonding of electrodes
in a stacked capacitor configuration will be determined. The objective
of this task is to improve the electrical performance of capacitors
which are subjected to thermal shock and high electrical stress at
elevated temperature in vacuum.
Task III, Evaluation, Construction, and Endurance Testing of
Compression Sealed Pyrolytic Boron Nitride Slot Insulation, is
directed toward the development of pyrolyti,cally deposited boron
nitride slot liners for a stator segment (statorette) which will be
capable of operating in the temperature range of 1350° to 1450° F.;
Compression fit of the pyrolytic boron nitride slot liners and con-
ductors in the statorette lamination slots at the operating temper-
ature will improve heat conductance from the electrical conductors
to the statorette stack. A statorette using pyrolytic boron 'nitride
slot insulation and plasma-arc sprayed alumina on the conductor end
turns will be performance tested in the 1350 0 to 1450° F range at a
pressure of 1x10' 8 torr or better. The heat transfer coefficient
which will be determined across the electrical conductor and insula-
tion-lamination interface may be applied in designing full size stators.
Application of pyrolytic boron nitride slot insulation to stator
applications in vacuum will eliminate the need for the temperature-
limited, glass-wound, fused glass-ceramic insulation presently applied
to high temperature conductors.
The three tasks are presented consecutively in sections II, III,
and IV of this report. A summary of technical progress, discussion,
and program for the next quarter are reported for each task. Refer-
ences, including the report previously published on this contract,
are listed in Section V. References are numbered consecutively in
the discussion of each task and are grouped by task in Section V.
The appendix outlines the post-endurance component test evaluation.
2
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SECTION II
TASK I - CONTINUATION OF 1300° F HOT SPOT 5000-HOUR TEST
TO 10 9 000 HOURS ON ELECTRICAL COMPONENT MODELS
SUMMARY OF TECHNICAL PROGRESS
1) A stator and bore seal capsule have successfully completed
10,000 hours of endurance testing in the 10-8 to 10- 9 torr pressure
range at a 1300° F hot-spot (stator slot) temperature.
2) The stator and bore seal capsule have been removed from
the test chamber for post-endurance test investigations.
3) A transformer and two solenoids which completed 5000 hours
endurance testing in vacuum at 1300° F on a previous program (con-
tract NAS3-6465) have also been removed from their test chamber for
post-endurance test evaluations.
DISCUSSION
Background
A. previous program (refs. II-1, II-2, and II-3) defined the
physical and electrical properties of materials which might be
suitable for space electric power systems. In a later program
(ref. II-4), selected materials were combined into models for ele-
vated temperature tests under a space simulated environment.
Two sets of models were constructed with each se consisting
of a generator or motor type stator, a transformer, and two soli-
noids. After the first set of models had been completed, the as-
semblies were installed in thermal ultra-high vacuum chambers for
a 5000-hour endurance test under vacuum conditions with a component
winding hot-spot temperature of 1100° F. The hot-spot temperature
was maintained in part by supplying current to each model (Joule
heating) and in part by a heating element in each test chamber.
The stator was tested in one vacuum chamber- and the transformer and
two solenoids were tested in a second vacuum chamber.
While the first 5000-hour test was being carried out (ref. II-4),
a second set of models was constructed for test at a 1300° F hot-spot
temperature for 5000 hours. The basic designs of the models were the
name for each set, but some material changes were introduced; raising
the component temperature capability from 1100 0 to 1300 0 F. A bore*
seal capsule loaded with high-purity alkali metal (potassium) was
3
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yinstalled on a pedestal in the stator winding cavity for the 1300 0 F
test. Details of design and the model construction, test procedures,
and test results are described in reference 11-4.
After completion of the first period of testing at 1300° F
on the second set of models, both test chambers were put on standby,
pending continuation of the stator thermal endurance test for an
additional period of time on the present program. The following
section of this report presents the test results on components that
have been endurance tested for over 10,000 hours in vacuum at 1300° F.
This total time includes the 5000 hours accumulated on the previous
program.
A transformer and two solenoids were endurance-tested for 5000
hours at 1300° F in high vacuum on a previous program (ref. 1I-4).
Design and test details and test results have been reported in refer-
encA II-4. After completion of the 5000-hour test, the test chamber
was placed on room ambient temperature standby. An ultra-high vacuum
environment was maintained inside the chamber pending completion of
the second 5000 -hour stator endurance test at 1300" F.
During the course of the 5000-hour endurance test the trans-
former primary (high voltage) winding suffered a failure after 244
hours at 1300° F. The winding apparently shorted turn-to-turn. re-
sulting in an open winding after failure. Preliminary analysis was
that the failure resulted from abrasion of the Anadur "S" glass con-
ductor insulation between two adjacent turns, and was caused by
mechanical forces generated between the high and low voltage wind-
ings in the energized transformer. This analysis remains to be
verified by post-test investigation. After failure, the test was
continued with 600 volts ac applied across each winding to ground,
to investigate the effects of long term voltage stress on insulation
performance.
One solenoid was continuously energized during the test except
as required for taking weekly electrical performance readings. The
second solenoid was unenergized during the test period except as re-
quired for weekly electrical performance readings. After approxi-
mately 984 hours of endurance testing, the continuously energized
solenoid insulation system performance indicated that a lead was
groirded somewhere. within the test chamber or inside the solenoid
winding. However, the solenoid continued to actuate with no change
in applied winding voltage or current, and to remain energized.
Preliminary analysis indicated that one of the hollow alumina tubes
which served as insulators at winding lead exit holes from the hous-
ing had become plated with-a conducting material, which grounded the
lead to the housing. The conductor (lead) insulation,: Anadur "S"
glass, is not impervious after the initial cure cycle, so_ a conduc-
tive plating could not be ruled out. The suspected material was
silver from the Inconel-clad silver core of the failed transformer
primary winding. Normal energized solenoid performance continued
I
until approximately the 4899th hour of endurance test. At that
point, the entire winding became grounded and the solenoid could
no longer be energized. it was assumed that the second lead exit
insulator had also become plated and grounded. Resistance from
solenoid lead-to-lead outside the chamber was in the order of 0.02
ohms, .indicating grounding across the solenoid housing. The pre-
liminary failure analysis was proved wrong when the test chamber
was opened for post-test evaluations. The findings will be reported
later in this section.
Test Results
Stator and Bore Seal Capsule Construction - 1300 0 F" Model. -
Figure II-1 is a cutaway view of the stator assembly w_ic s ows the
primary features of the design. The main frame. was made from a 27
percent cobalt-iron s alloy forging, and the laminations were held
in place in the frame by a retaining ring which was also made from
a 27 percent cobalt—iron alloy forging. The magnetic stack consisted
of 27 percent cobalt-iron alloy laminations, 0.008-inch thick, with a
sapphire-like interlaminar insulation coating of plasma-arc sprayed
alumina (99.995 percent Al 20 3 )2.
 The laminations were held together
in the stack by electron beam welds. Conductor wire was rectangular
(0.091 x 0.144 in.) Inconel-clad silver (28 percent Inconel cross-
sectional area) wrapped with a 0.006-inch-thick layer of fiber-glass
served insulation s . Slot insulation was provided by ceramic (99 per-
cent Al203) U-shaped channels (slot Liners), spacers, and wedges.
Hollow alumina tubes were used as thermocouple insulators in the slot
and stack areas. Two thermocouples were installed in the stack,
between the outside diameter: of the stack and the frame, on the out-
side diameter of the frame, and on winding end turns. End bells were
made from a nickel-base superalloy 4 , which is a non-magnetic material
having a thermal expansion coefficient very similar to that of the
27 percent cobalt-iron
 alloy. Table II-1 summarizes the materials
used in the 1300° F stator.
iHiperco 27 alloy manufactured by Westinghouse Electric
ri	 Corporation, Blairsville, Pennsylvania. 	 '
2Linde "A" supplied by Linde Division of Union Carbide
Corporation.
3Anadur "S" glass applied by Anaconda Wire and Cable Company,
Muskegon, Michigan.
4Hastelloy Alloy B manufactured by the Stellite Division of
Union Carbide Corporation, Kokomo, Indiana.
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Figure II-1. - Cutaway Drawing of Stator
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Part Material
Reference: For
Additional Detail'
Frame Hiperco 27-Forging Reference II-1
Frame Ring Hiperco 27-Forging
Laminations Hiperco 27-0.008 mil
Interlaminar Insulation 'Plasma-arc sprayed Reference LL-2
Al203 (Linde A)
Slot Liners Al203-99% Reference II-2
Spacers Al203-99.5% Reference II-2
Wedges Al203-99% Reference Ii-2
Thermocouple Insulators Al203-998 Reference IL -2
Conductor Insulation Anadur (Inconel-clad
silver wire) 1300°F
Owen Corning S - glass
fiber double serving
overcoated with a pro-
prietary oxide-loaded
silicone wire enamel.
Potting Compound BN Fiber Cement
Conductors (Rectangular) Inconel-clad silver - Reference 11-2
(0.091x0.144 inch) 1300°F
End Bells, Hardware Hastelloy Alloy B
Lamination Plates `Hastelloy Alloy B
Spring Pin C Res. AMS 5506
Thermocouples Inconel Sheath -
Platnel. II Wire
System.
I
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Table II-1. - Stator-Magnetic, Insulation, and Conductor
Materials Summary 1300° F Hot-Spot Model
The lamination stack was representative of one of the two stator
stacks of a 15-kVA, 12,000-rpm inductor generator and of the stator
for a 12-horsepower 12,000-rpm induction motor. The laminations had
36 teeth and slots which were proportioned approximately the same as
those of an operating generator or motor. The ac stator winding was
similar to that in a three-phase generator or motor. The winding was
divided into three sections of twelve turns each, and the overlapping
of the sections was similar to that which occurs between the phases
of a generator or motor winding. Thus, it was possible to test the
stator with a potential between windings and from winding to ground,
the same as in an operating generator.
Figure 11-2 is a pre-test photograph of the bore seal capsule
mounted on the pedestal that supports it inside the stator cavity.The bore seal capsule consisted of: (1) a 4-inch outside diameter
by 4-inch-long high-purity beryllia (99.8 percent BeO) tube with a
01-inch-thick wall, (2) two 4-inch outside diameter by 3.6-inchinside diameter by 0.2-inch-long high-purity beryllia back-up rings,(3) two columbium-1 percent zirconium alloy end bells, and (4)
columbium-1 percent zirconium alloy fill tube. The wall of the
large beryllia tube was 0.2-inch thick at the ends to provide a
greater brazing area at the seal. The end bells were made hemi-
spherical to equalize stresses when a differential pressure is im-
posed on the capsule. The active metal brazing alloy used to make
the ceramic-to-metal seals consisted of 60Zr-5V-15Cb. :after as-
sembly and leak testing, the capsule was evacuated to a pressure
less than 5x10 -6 torr at 1470° F and then high purity alkali metal(potassium) was introduced. The end of the fill tube was then
closed off by electron beam welding.
Stator and Bore Seal Capsule Test Program and Results 1300° F
Model. - Heat to maintan the stator hot-spot temperature was obtained
from two sources. During the endurance test, the statorwas supplied
with three-phase, 400-Hz power with a potential of approximately 290
volts from each phase-to-ground and approximately 480 volts between
phases. Current in each phase was maintained at 50 amperes to induce
joule (I2 R) heating in the conductors. The calculated phase I 2   loss
at test temperature was 115 watts per phase, or 345 watts total for the
stator. The remainder of the heat required was supplied by a heating
element which was an integral part of the test chamber.
Electrical data were taken each week during the endurance test
to monitor stator conductor resistance stability and insulation sys-
tem performance. A residual gas analysis trace of the test chamber
environment was also recorded each week.
Figure 11-3 shows a normalized plot of conductor resistance as
a function of time at 1300° F for the 10,000-hour test period. No
change in resistance was observed in any of the three conductors
during the course of the test. Figure II--4 is a plot of actual do
insulation resistance values, phase-to-phase and phase -to-ground, as
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Figure II-2. - Photograph of Thermalox 998 - (Cb-1%Zr) Bore Seal
Capsule Number 4 Brazed with 60Zr-25V-15Cb Alloy.
This Bore Seal, Containing Potassium, was Used
in the Stator Endurance Test.
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Figure II-3. - Stator. Conductor Resistance vs. Endurance
Test Time at 13000
 F Hot-Spot (Slot)
Temperature
a function of time for the 10,000-hour test period. There has been
a gradual ..improvement in insulation performance during the total test
period, as indicated by estimated trend lines. Figures 11-5 and II-6
are trend plots showing ac leakage current as a function of endurance
test time. Phase-to-phase leakage current decreased by a ratio of
approximately 3:1, and phase-to-ground leakage by a ratio of approxi-
mately 9:1.
Figure II-7 is a plot showing the major gas component partial
pressures in the stator test chamber as a function of time for the
10,000-hour test period. Ion gage pressure is lower than the-par
-
tial pressure summation because of relative sensing locations. The
ion gage was located near the bottom of the chamber in line with the
ion pump throat, with a short conductance path to the pump. The
residual gas analyzer sensing head was attached to a feedthrough
near the top of the test chamber, with a relatively long conductance
path to the ion pump, resulting in a higher total pressure at the
sensing head. Water vapor was the predominant gas detected in the
test chamber throughout the test, followed by nitrogen plus carbon
monoxide. Figure II-8 is a normalized plot of the various partial
pressures, referred to gas partial pressures at zero test hour.
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Figure 11-4. - Stator do Insulation Performance in
Vacuum with 1300 0 E Hot-Spot (Slot)
Temperature and 500 Volts do Applied
Between Phases and Between Each Phase
and Ground.
Analysis of the H2/H2 peaks and the A/Ao peak indicated in the
figure at 8000 hours °s continuing.
Stator and Pore Seal. Capsule Post Endurance Test Procedure
1300° F Mode.. - Alt r --he post 10,00 our 'test a ectrical data
and residual gas analysis traces had been taken, power was removed
from the stator windings and the chamber heating element power was
increased to stabilize the stator assembly at 1300° F. Voltage
breakdown values between phases and from phase- to
 ground were deter -
mined using a self-protecting ac voltage corona tester. Incipient
breakdown voltages are shown in Table 1`1-2.
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Figure 11-5.	 Stator Insulation System Performance.
Phase-to-Phase Current Leakage as a
Function of Endurance Test Time
1300 0 F -Model
Table 11-2. - Stator Phase -to-Phase and Phase-to-Ground ac
Breakdown Voltages at 1300° F
Phase-to-Phase Volts AC Phase-to-Ground Volts AC
A-B 2000 A-Gd 2000
A-C 1750 JB-Gd 1450
,B-C 1300 C-Gd 1200
These tests were non -destructive for the stator insulation sys-
tem. A tentative explanation for the different breakdown voltages
is variations in spacing between phases and between each phase and
ground within the test chamber.
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Inconel 600-Clad Salver Wire,
	
Anadur "S" Glass Insulation.
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The test chamber temperature was reduced to room temperature in
stages, using heater element power to stabilize at each temperature.
Electrical performance data were taken at each temperature level.
Insulation performance over the temperature range was essentially the
same as that observed when temperature was increased for the second
5000-hour test. Conductor resistance followed point for point along
the curve that had been defined for increasing temperature.
After all room temperature data in vacuum had been obtained, the
chamber was raised to room ambient pressure using dry nitrogen as the
cover gas. Figure II-9 is a photograph of the top of the test cham-
ber after removal of the chamber cover. Thermocouples had been
brought through the top heat shields in two groups of eight and can
be identified in the picture. The three phase winding leads are
identified as A, B and C. The stator ground wire is also indicated.
Winding leads were brought through the top heat shields in rectangu-
lar alumina sleeves.
Figure II-10 is a view of the chamber interior with top heat
shields removed, showing the stator and the bore seal capsule as it
had been located in the stator cavity. Figure II-11 shows the cham-
ber with the stator and bore seal capsule removed. The general clean-
liness of the test volume can be noted by the stator support post
reflections on the chamber heating element. Figure II-12 shows the
stator and bore seal capsule on a laminar flow clean bench after
removal from the chamber. Figure 11-13 is a photograph of the bore
seal capsule and support pedestal. No evidence of potassium leakage
was noted as the stator and bore seal capsule were removed from the
test chamber. A stator lamination, slot wedge, and winding end turn
stain pattern was evident around the capsule outside diameter. (See
figure LT-2 for pre-test appearance of the capsule). The source of
these stains will be determined as part of the post-test evaluation.
Figure II-14 is a view into the stator stack and winding cavity. The
Anadur "S" glass conductor insulation on the winding end turns became
split when the windings were initially formed. After completion of
the Anadur cure cycle the insulation became somewhat brittle and some
pieces flaked off. Other pieces were dislodged during installation
and removal of 14--he bore seal capsule. The initial appearance of the
cured Anadur was an off-white color. The chopped boron nitride fiber
cement which was used at the slot ends and the alumina wedges used in
the slots were also an off-white color.
The next operation for the stator and bore seal capsule will be 	 3
a comprehensive post-test evaluation of sub-assemblies and detail
parts, to determine the condition of all materials involved. The
tentative post-endurance test evaluation plan is outlined in the
appendix.
Transformer and Solenoid Post 5000-Hour Endurance Test Procedure -
1300° F Models.
	 Final electrical performance readings were taken
with the test chamber still under an ultra-high vacuum environment
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Figure II-Q. Photograph of the Stator Test Chamber with the
Top Cover Removed. Phase Winding Leads areIdentified.
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Figure II-10. Photograph of the Stator and Bore Seal Capsule
in the Test Chamber After Removal of the Top
Heat Shield
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Figure II-11. Photograph of the Interior of the Test
Chamber After Removal of the Stator
and Bore Seal Capsule
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Figure II-13. - Photograph of the Bore Seal Cale and Support
Pedestal After Completion of a 10,000 -Hour
 Test
at 1300° F in Vacuum
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Figure II - 14. iPhotograph of the Stator Interior After Completion
of a 10,000 Hour Test at 1300° F in Vacuum
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(3.Ox10" lo torr), for comparison with values obtained during the
standby period_. Conductor resistance values in the transformer
secondary (low voltage) winding and unenergized solenoid winding
remained unchanged during the room temperature standby period.
Transformer primary winding and energized solenoid conductor
resistance could not be measured for reasons described earlier.
Measurable insulation performance values in the three components
also remained unchanged during the standby period.
After measurements were completed, the test chamber was raised
to ambient pressure using dry nitrogen as the cover gas, and the top
cover was removed. Figure II-15 is a photograph of the top of the
test chamber after cover removal. Thermocouples were brought through
the top heat shields in groups of eight. Transformer and solenoid
leads are as noted on the photograph. Inspection showed that both
lead wires to the energized solenoid were grounded to the top chamber
heat shield. The hollow alumina tubes which were used to insulate
the leads as they passed through the heat, shields had slipped down,
one at a time, until each lead became grounded to the chamber. After
the insulators were pulled back into position, the solenoid functioned
normally, repeating pre-test bench test values for conductor resis-
tance and insulation performance. Voltage and current values re-
quired to pick up and hold the plunger and weight also repeated pre-
test bench test values. Thus, the energized solenoid did not suffer
an internal failure. The problem was caused by chamber installation
procedure and the vibrations that occur in the test area.
Figure II-16 is a view of the chamber with the top heat shields
removed. The transformer and two solenoids are shown in position on
the model support fixture. Figure II-17 is another view of the sole-
noids with the transformer removed from the chamber. The generally
clean condition of the test chamber can be noted by the reflections
inside the heating element and on the outside of the outer heat shield.
Figure LI-18 shows the test chamber with the solenoids and support'
fixture removed.
Figure I1-19 is a photograph of the transformer, solenoids and
support fixture as they were installed in the test chamber. The
powdery material seen on the flat surfaces appears to be loose
Anadur "S" glass conductor insulation frit which was stirred up
when dry nitrogen was admitted to bring chamber pressure up to am-
bient pressure. The weight from the continuously energized sole-
noid is also displayed in the photograph
The next procedure for the transformer and solenoids will be
disassembly, inspection, and physical and chemical tests to deter-
mine the condition of the electrical materials involved, and to in-
vestigate the transformer primary winding failure. (See Appendix.)
z^.
Figure II-15. Transformer and Solenoid Test Chamber with Top
Cover Removed
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Chamber After i"-:.moval of the Transformer
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Figure II-17.
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Figure II-18. Photograpt-. of the Interior of the Test Chamber
After Removal of the Transformer and Two
Solenoids
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Test Equipment
The two thermal vacuum chambers, each consisting of a water
cooled chamber, heating element, 500 liter/second sputter ion pump,
and associated ' controls have completed the following test sequences.
Chamber Number 1
Used for the stator
endurance test.
Time	 Temperature
(hours)	 (OF)s
5000	 1100
5000	 1300
4700	 72 (Standby)
5000	 1300
1T, 7116-0 Total ion pump operation
Pressure Range
Chamber Number 2
Used for the '-ran^ simmer and
solp 'noids endurance test.
Time	 Temperature(hours)	 (°F)
5000
	
1100
5000	 1300
9700	 72 (Standby)
1900 Total ion pump operation
5.0x10' 7 - 3.0x10' 10 torr
PROGRAM FOR THE NEXT QUARTER
1) Initiate stator and bore seal capsule post-endurance test
evaluations, including electrical, physical and chemical tests.
2) Analyze the transformer primary winding failure.
3) Initiate transformer and solenoid post-enduzarice test
evaluations, including electrical, physical and chemical tests.
SECTION III
TASK II - HIGH TEMPERATURE CAPACITOR DEVELOPMENT
Summary of Technical Progress
1) An extensive series of double-layer capacitance measure-
ments (equivalent to the measurement of surface texture ratios)
were completed on pyrolyti.c boron nitride reference surfaces off
sputtered for increasing time increments up to 8 hours. The data
show that for polished starting surfaces about 90 percent of the
maximum surface texture ratio or increase in roughness is produced
within the first hour of off-sputtering.
2) It was also shown that surface texture ratios are essen-
tially unchanged by off-sputtering when the starting-surface fin -
ish is of the matte or "as lapped" type. The surface-texture ratios
that can be produced range between 1.3 and 7.0.
3) A group of thermal cycling tests in vacuum have been com-
pleted on six tabbed pyrolytic boron nitride capacitors with plati-
num electrodes and with different surface texture ratios ranging
from 1.3 to 7.1. Capacitance and dissipation factor measurements
made over 50 thermal cycles (300° to 1300° to 300° F in 2 hours)
show no significant degradation effects.
4) Dissipation factor values for each of the capacitors in
this test group show a definite relationship between off-sputtering
time and/or surface texture ratios. The data show that a 2 to 3 fold
improvement (decrease) in dissipation factor can be attributed to
off-sputtering a polished or matte wafer surface.
5) A series of thermal aging tests in vacuum has been started.
The same group of capacitors with surface texture ratios ranging, from
1.3 to 7,0 that were tested under thermal cycling conditions area
being aged at 1100° F for 50 hours.
DISCUSSION
Background
The ob i ective of this - task is to make improvements in high-
temperature pyrolytic baron nitride capacitor design, processing
methods,, and electrical performance. Results from a previous pro -
gram (ref. III-1) with pyrolytic boron nitride (PBN) capacitors
showed a`small decrease in capacitance and increase in losses
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4(tan 6) after life tests at 1100° F in vacuum. These changes were
attributed to a slight separation of electrodes from the pyrolytic
boron nitride surfaces in a stacked capacitor. This separation or
loss of electrode adherence can be minimized or eliminated by in-
creasing the initial bonding of sputtered electrodes to boron
nitride wafers or by preventing interelectrode diffusion bonding.
one method of improving capacitor stability and electrical
properties is surface texturizing. The texture or roughness of
the wafers will be varied over a range of values by mechanical
(lapping) methods and by radio frequency (rf) off-sputtering up to
5000 angstroms of surface material. Removal of the mechanically
disturbed surfaces is expected to result in loves: capacitor losses
as well as provide ultra clean surfaces for subsequent application
of electrodes. Surface texture (ratio of true to apparent or geo-
metric surface area) will be measured by a "double layer capacitance
technique."
A second method that will be studied is the application of
a very thin barrier layer to a portion of the outer surfaces of
the electrodes. The purpose of this layer will be to prevent
electrodes on alternate capacitor wafers in a stack from sticking
together under the combined influence of pressure, high temperature
and vacuum. It is expected that greater capacitance stability and
lower electrical losses after voltage excitation and thermal cycling
will be achieved.
Te st Results
M
Surface Texture Measurements.	 The capacitance of the elec-
tric double-layer of p at num replica films immersed in an 'aqueous
electrolyte has been selected as the approach to measure: the true
surface areas of pyrolytic boron nitride capacitor wafers. If itis assumed that the thickness and dielectric constant of the double-
layer are constant, the capacitance of the double-layer will be
directly proportional to the surface area of the electrode on which
it forms. An ideally smooth surface will have a true area equal to
its geometric area. But a surface with some degree of roughness
will have a true area that is greater than the geometric area.
Therefore, the capacitance of the double-layer will increase in
direct proportion to the increase in surface area due to surface
roughness... It is also assumed that a sputtered thin platinum film
deposited on smooth and roughened surfaces forms a good replica of
	 L
the underlaying substrate surface texture. A highly polished glass
surface represents a solid substrate which has a true to geometric
surface area ratio equal to one. The first quarterly report des-
cribes the double-layer capacitance measuring technique in detail.
During this report period an extensive series of measurments were
made to:
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1) establish a feasible range of surface texture ratios that
can be produced on pyrolytic boron nitride surfaces by controlled
mechanical methods (lapping and polishing) and by rf off-sputtering.
r
rr1
2) determine an optimum platinum film thickness needed to
accurately measure the expected range of surface textures produced
on reference surfaces of pyrolytic boron nitride. The optimum thick-
ness is considered to be the thickness where a complete, conformal
conducting layer is developed over the entire surface topography of
the substrate. A film that is thicker than the optimal value may
tend to form a secondary texture that is not representative of the
actual pyrolytic boron nitride surface.
All double layer capacitance measurements in this test series
wee made using a standard size pyrolytic boron nitride disk (0.99
cm apparent or geometric surface area). The first test series to
determine an optimum platinum film thickness was made with four dif-
ferent initial reference textures. These were polished and lapped or
matte finishes produced with 0.05, 3, 9, and 15 micron alumina abra-
sives. Successively thicker platinum films were sputtered onto the
texturized surfaces. The double layer capacitance was measured after
each incremental increase in film thickness over a range from about
200 to 5000 angstroms
A definite functional trend was observed. A very rapid increase
in the double layer capacitance occurred for all surface tex- lZures as
the platinum film thickness was increased from 200 to approximately
1500 angstroms. A gradual leveling off in capacitance values tookplace for thicker platinum films (> 1500 angstroms) and generally
constant values were observed for films thicker than approximately
3000 angstroms. used on these data, a 3000-angstrom-thick platinum
film was selected for subsequent tests.
The various data points in figure III-1 were obtained by first
polishing standard pyrolytic boron nitride disks and then off-sput-
tering different sample groups for 5, 20,35 and 50 minutes and 1,
2, 3, and 4 hours. Platinum films were then sputtered onto the off-
sputtered surfaces and the double layer capacitance was measured.
The surface texture ratio was calculated by dividing each of these
values by 18.2 uF/cm2 . More recent data on the double layer-capaci-
tance of platinum films sputtered on smooth glass have a value of
18.2 uF/cm2
 (average of five samples). It is evident from figureIII-1 that a very non-linear and rapid increase in texture ratio oc-
curs between zero and one hour of off-sputtering. A smooth curve has
been fitted between these data points to approximate the relationship
between surface texture and off-sputtering time for polished substrate
starting surfaces,
Figure III-1 also shows that a polished pyrolytic boron nitride
surface (no off-sputtering) has a texture ratio of 1.3 or the surface
32
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Pyrolytic Boron Nitride Wafers 0.99 cm 2
 area
Initial Surface Finish - Polished (0.05u Alumina)
Sputtered Platinum Film Thickness ­
 Approx. 3000 1
Capacitance (pf)
O Average - 2 Samples
I Max. and Min. Values
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OFF SPUTTERING TIME (HOURS)
Figure III- 1. - Surface Texture Ratio versus Off-Sputtering
Time (Hours) for Pyrolytic Boron Nitride
Wafers Initially Prepared with
Polished Surfaces
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is about 30 percent rougher than a polished glass surface. Examina -
tion of polished pyrolytic boron nitride surfaces under high magnifi -
cation reveal a number of fine scratches. These scratches are very
difficult to avoid during polishing because of the intrinsic softness
of pyrolytic boron nitride (2 on the Mohs scale). Some improvement
in the polishing technique may be possible, but it does not appear
practical to achieve further significant increase in smoothness.
Figure III-2 shows that no important change in the surface tex-
ture ratio is produced by off-sputtering (up to 8 hours) when the
starting surfaces are of the as-lapped or matte type (3 micron
alumina abrasive). Data have also been obtained that show this
relationship holds for matte surfaces produced with coarser abra-
sives (9 and 15 micron alumina).
In summary, these data show that surface texture ratios between
1.3 and 7.1 can be produced on pyrolytic boron nitride surfaces. To
obtain ratios less than 6 it was necessary to start with polished
surfaces and off-sputter for a period of 5 to 35 minutes.
Thermal CXcling Tests. The previous discussion has outlined
the methods and results of surface texturizing treatments on pyrolytic
boron nitride. It has been shown that a variety of surface textures
(surface texture ratios) can be produced ranging from a minimum value
of 1.3 to a maximum value of 7.1. This section will present the
results of a series of thermal cycling tests performed on actual
pyrolytic boron nitride capacitor wafers with six different surface
texture ratios ranging from 1.3 to 7.1.
Tabbed capacitor wafers were fabricated for this test series as
follows:
1) Surface Texture Ratio of 1.3. Standard slicing and lapping
procedures were used to produce wafers about 1.5 mils thick (ref.
III-1). Final lapping was completed with 3 micron alumina abrasive.
The wafers were then carefully polished on both sides with 0.05
micron alumina. A glossy surface appearance was produced. The
polishing operations had removed 0.5 mils of surface materials yield-
ing a final wafer thickness of about 1.O mils. After thorough clean-
ing, sputtered platinum electrodes were applied.
2) Surface Textures Ratios of 3.3 to 5.8. The same procedure
was followed as outlined above. After polishing and cleaning, how-
ever, the wafers were off-sputtered using the methods described in
the first quarterly report. One wafer w as off-sputtered (both Si des)`
for 7 minutes. Reference to figure III-1 shows that the surface
texture ratio was 3.3. Another wafer was off-sputtered for 14 min-
utes producing a surface texture ratio of 4.3. The third wafer was
off-sputtered for 35 minutes resulting in a surface texture ratio of
5.8 After off-sputtering, platinum electrodes were applied.
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3) Surface Texture. Ratio of 7.0. This surface texture ratio
was produced by off-sputtering a wafer with a lapped or matte sur-
face rather than a polished. surface. Reference to figure 111-2 shows
that 35 minutes of off-sputtering will produce a surface texture ratio
of about 7 when the starting surface has a lapped finish (3 micron
alumina). In addition, figure 111-2 shows that off-sputtering a
pyrolytic boron nitride wafer with a lapped starting surface produces
no appreciable increase in the surface texture ratio. Therefore,
a sixth capacitor was included in this test series that was final
lapped with 3 micron alumina but not off-sputtered.
in summary, a total of six single wafer, tabbed pyrolytic
boron nitride capacitors were prepared. Five capacitors had sur-
face texture ratios of 1.3, 3,3, 4.3 1 5.8, and 7.0. The sixth
capacitor had a texture ratio of about 7.1 but was not off-sputtered.
Reference to figures 111-1 and 111 -2 provides the basis for deter-
mining surface texture ratios
A cold-wall, liquid nitrogen trapped vacuum furnace was modified
and adapted to test a maximum of three individual test capacitors dur-
ing a single pump-down cycle. The furnace can be automatically cycled
between room temperature and 1300 ° F. Six coaxial electrical feed-
throughs were installed so that shielded cable can be connected be-
tween the feedthroughs and the capacitance bridge thus minimizing
pick-up and stray capacitance effects. Figure 111- 3 shows a section-
al representation of the test furnace. A tungsten mesh heating ele-
ment was used, which is capable of heating the furnace to 5000° F.
Initially, five capacitors were setup in the furnace and elec-
trically interconnected to the feedthroughs. One side of each
capacitor was connected to a common lead wire and the other side was
connected to individual
_
 lead wires and feedthroughs. Capacitance
and dissipation factor measurements were made at room temperature
and 1100° F. However, large differences in electrical properties
were obsezved when one capacitor was being tested, and the others
were either grounded or ungrounded. It was decided to remove two
capacitors so that separate lead wires could be connected to each
capacitor. This approach has eliminated the interference; effects
caused by the "common lead wire" connection method.
Figure 1II-3 shows a single capacitor connection to schemati-
cally illustrate the overall furnace and final test configuration.
A tabbed capacitor was clamped between two pyrolytic boron nitride
retaining plates and electrical contact made at the tab areas. Py
rolytic boron nitride was also used to electrically isolate each
lead wire as it passed through the heat shields. The pyrolytic
boron nitride insulators were firmly fixed to retain their position
during the tests. A. chromed-alumel thermocouple was embedded in a
block of pyrolytic boron nitride to monitor and control the caps-
citor wafer temperature. The thermocouple was located- in close
proximity to the array of test capacitors during a test run.
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i1 --- Tabbed Pyrolytic Horan Nitride Capacitor Wafer
2 Pyrolytic Boron Nitride Holding Fixture
3 Platinum Lead Wires Welded to Platinum Foil in Contact With platinum
Capacitor Electrodes that Extend over Tab Areas
4- Pyrolytie Boron Nitride Insulators
5 - Alumina Guide Tubes for Platinum Lead Wires
6- Chromel-Alumel Thermocouple Embedded In a Pyrolytic Boron Nitride
Block for Temperature Measurement and Control
7 - Coaxial Feedthroughs and Cable to Capacitance Bridge
A
	
8 Molybdenum Support Table
9 - Tungsten Mesh. Heating Elements
10- Tantalum and Molybdenum Heat Shields
Figure ILI-3. - Sectional View of the Cold-Wall Vacuum Test
Furnace Showing Thermocouple_ Placement and
the Electrical Interconnection Between a
Tabbed Pyrolytic Boron Nitride Ca acitorP
and Holding Fixture and a Set of
Coaxial Feedthroughs
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Three complete thermal cycling test runs have been made. In
'	 the first run one capacitor was tested for 50 cycles between 3000
and 1300° F to determine equipment capability. 	 During the second
A cycle run, three capacitors were tested and during the third 50
cycle run, two capacitors were tested.	 A total of six capacitors
were evaluated.	 The heating rate was controlled at 1000° F per
hour. 	 (300 0 to 1300 0 F) and the cooling rate was determined by the
thermal inertia of the furnace and fixturing. 	 (Approximately 1000°
F per hourfrom 1300° to 300° F).	 The furnace was maintained at
1x10	 torr or less during the thermal cycling tests.
Figures III-4 and 111-5 show the change in dissipation factor
as a fur --tion of the number of thermal cycles for the six capaci-
tors.	 Figure 111-4 shows these data measured after the furnace
had been allowed to cool to room temperature (M 72° F). 	 Figure
III-5 shows 1300° F data.	 It is evident from both of these fig-
ures that no important degradation effects occurred. 	 The most
significant observation is the comparison of absolute values of
dissipation factor for capacitors with different surface texturiz-
ing treatments.	 Both 72° F and 1300° F data show the following
general trend:
l)	 The highest dissipat.l,on factors were obtained for capaci-
tors that were not off-sputtered.	 This includes both the capacitor
with a lapped or matte surface finish (surface texture ratio = 7.1)
and the capacitor with a polished surface finish (surface texture
ratio = 1.3).
2)	 The lowest dissipation factors were obtained for capaci- 1
tors with off-sputtered surfaces. 	 Progressively ,lower dissipation
factors are evident as the off-sputtering time was increased from 7
to 35 minutes.
	 The data show that a surface texture ratio of 7
obtained by off-sputtering a matte wafer for 35 minutes produces a
capacitor with the lowest dissipation factor.
Figure III-6 cleanly shows the decrease in dissipation factor
measured at 720 F as the off - - 3uttering time was increased to pro-
duce s^srface texture ratios from 1.3 to 7.0.
	 In addition, figure
III-7 shows that the ordering of dissipation factors with different
--	 surface"texturizing treatments generally holds over the entire
temperature range from 72 0 to 1100° F.
These results show that a 2- to 3-fold improvement (decrease)
in dissipation factor is obtained when a wafer surface is off-
sputtered. F
Figure III-8 compares the change in the ratio
	 x 100 as a
CC
function of the number of thermal cycles for each of the six test
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electrodes (30JOA thick) applied after nurface texturizing treatments. Measure-
Monts made in vacuum (< 1 x 10-b torr).
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1100'F/hour between 300- & 1.300°F.
Figure 111 -4. - Comparison of Dissipation Factors (Tan 6)
Measured @ 72 1 F for Tabbed Pyrolytic Boron
Nitride Capacitors (Platinum Electrodes). it
Made from Wafers with Different Surface Tex-
ture Ratios (1.3 to 7.1) versus the Number
of Thermal Cycles in Vacuum between 300 0 and
1300° F.	 Rate of Temperature Change was
1000' F/Hour between 300* and 1300° F.
capacitors. These data show that changes in capacitance are typi-
cally less than '0.2 percent over the 50 cycle test. This varia-
bility is quite small anc. is attributed to experimental conditions.
Thermal Aging Tests. - A series of thermal aging tests have
been started to compare the electrical performance of pyrolytic
boron nitride capacitors with different surface texture ratios
(1-3 to 7.0). The same capacitor group that was tested and,evalu-
ated under thermal-cycling conditions are being aged in the cold
wall vacuum furnace for 50 hours at 1100 0 F. Periodic measure-
ments of capacitance and dissipation factor at 1 kHz and 10 kHz
are being made.
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Figure III-5. - Comparison of Dissipation Factors (Tan 6)
Measured @ 1300° F for Tabbed Pyrolytic Boron
Nitride Capacitors (Platinum. Electrodes).
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Program for Next Quarter
1) Complete vacuum thermal aging tests on tabbed pyrolytic
boron nitride capacitors with platinum electrodes and a range of
surface texture ratios
2) Complete thermal cycling and aging tests on tabbed pyrolytic
boron nitride capacitors with gold electrodes and constant texture
ratio.
3) Continue investigation of the measurement of adherence of
sputtered platinum electrodes on t^^xturized pyrolytic boron nitride
surfaces.
4N.
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8SECTION IV
TASK III EVALUATION, CONSTRUCTION AND ENDURANCE TESTING OF
COMPRESSION SEALED PYROLYTIC BORON NITRIDE SLOT
INSULATION.
SUMMARY OF TECHNICAL PROGRESS
1) Conductors made from nickel-clad silver wire have been
formed for the first statorette test,.
2) Statorette laminations have been electron beam welded into
a stack: assembly.
3) Preliminary slicing of pyrolytic boron nitride plate stock
into the various stator slot insulation sizes has been completed
except for slot wedges.
DISCUSSION
The objective of this program is to design and test a conduc-
tor-insulation-lamination slot and tooth configuration which will
have improved heat transfer from the conductor to the laminations.
Figure IV-1 is a sketch of the statorette assembly showing the
electron beam welded 27-percent cobalt-iron lamination stack and
end: plates, the rectangular nickel-clad silver conductors, and the
pyrolytic boron nitride rigid slot insulation. Pyrolytica ly de-
posited boron nitride has excellent electrical properties at ele-
vated temperatures; and its anisotropic thermal properties make it
possible to have the conductor, slot insulation, and lamination tooth
in compression at operating temperature. The conductor will be bare
in the slot area (no wrapped insulation), with plasma-arc sprayed
(99.995 percent) alumina on the conductor end turns. Dual conduc-
tors will be used to obtain slot conductor volumes comparable to
those proposed for space power generators, and also to obtain com-
parable current densities in each slot. After manufacture the
statorette will be tested in the 1350° to 1450° F temperature range.
Figure IV-2 is a cross-sectional sketch of the statorette slots
showing the windings and pyrolytic boron nitride slot insulation.
The conductor cross-sections marked with an "x" form the main wind-
ing, and the cross-sections marked with an "o" form a second-phase
winding. This physical arrangement, when powered by a three-phase
power source with a third-phase dummy load, results in phase-to-phasE
and phase-to-ground voltage levels typicalof a high temperature
operating generator. Electrical performance measurements can also
be made phase-to-phase and phase-to-ground. The orientation of the
pyrolytic boron nitride is indicated on the drawing.
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Pyrolytic Boron Nitride
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5.987"Flat
2. 0
4111. i
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Nickel Clad'
silver conductor
O,o9O"x 0.144
^_ I	 k-.Electron 5eam Welds
Lamination Stack - 0.01011 27 Co-Va Alloy
stack End Plate 7 17-7 PH $.s'
Figure IV-1. - Assembled Statorette Showing Lamination Stack,
Pyrolytic Boron Nitride Slot Insulation, and
Dual Winding Construction with Two Conductors
in Parallel.
A coil forming procedure was defined usirg pure nickel rectan-
gular wire. Test windings were then formed from rectangular nickel_
clad silver wire, which had been polished on the flat areas that
the oyrolyt 4 slotinsulation.c boron nitride will fit in the slot with (_	 .1.	 -L
Polishing was done by hand. A fixture was manufactured to vacuum
anneal the test windings after the application of plasma-arc-sprayed
alumina to the winding end turns. Room temperature assembly clear-
ances are so small that maximum wire flexibility will be mandatory.
Pyrolytic boron nitride slot insulation strips have been sliced
from plate stock. The strips were sliced oversize, and final dimen-
sions will be obtained by lapping the strips after precise slot and
conductor dimensions have been determined. A machining procedure is
being developed to form the beveled edges required on the slot wedges.
Figure IV-3 is a photograph of the various sizes of pyrolytic boron
nitride slot insulation strips, a slot wedge, and a representative
piece of pyrolytic boron nitride plate stock.
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PQI, TY IC BORON NITRIDE SLOT iNSUTATXON THERMAL PROPERTIES
"a" direction high conductivity - low expanLion
"c" direction - low conductivity - high expansion
Figure IV- 2. Cross-Sectional View of the Statorette Slots
Showing Pyrolytic Boron Nitride Slot Insula-
tion and Rectangular Nickel-Clad Silver Con-
ductors.
Figure IV-4 is a photograph of a statorette lamination showing
slots and thermocouple holes. The slots and holes were produced by
electrical discharge machining. Figure IV-5 '.s a photograph of the
lamination stack and end plates after electron beam welding. The
laminations were assembled on four lapped-slot-alignment bars as
shown and then clamped for welding. Figure IV-6 shows two of the
slots with the alignment bars removed. Some indication ofthe slot
side smoothness can be noted in the two open slots.
I
rFigure IV-3. - Photograph of the Various Sizes of Pyrolytic:
Boron Nitride Slot Insulation Strips and the
Slot Wedge, with Lea(:- • -s Indicating the a
and c Anisotropic Property Directions. A
Representative Piece of Pyrolytic Boren Ni-
tride Plate Stock is also Shawn.
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Thermocouple F(oles
Figure IV-4. - Photograph of a Single Statorette
Lamination Showing Slots and
Thermocouple Holes.
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figure IV-5. - Photograph of the Assembled Statorette
Laminations and End Plates after
Electron Beam Welding.
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Figure 1V-6. - Photograph of the Assembled Statorette
with Two Slot Assembly Bars Removed.
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wTest Results
A pre iminary test was carried out to verify the insulation
performance of pyrolytic boron nitride. A single slot feasibility
test model was assembled using an available three--clot stainless
steel statorette and pure rectangular nickel conductors in the
slot. Figure IV-7 is a photograph of the test vehicle. pyrolytic
boron nitride strips were sliced and lapped in the "a" direction
(high thermal conductivity) and "c" direction (high thermal expan
sion) to simulate dimensional ratios in the present four-slot
statorette. No effort was made to develop a compression fit.
The insulation segments were lapped to form line-of-sight gaps at
the junctions of horizontal and vertical segments. This was done
to determine the effects of spacing between conducting materials
(conductor and laminations) in high vacuum.
The pure nickel conductor ends were plasma--arc sprayed with
alumina, after receiving a thin layer of titanium hydride to im-
prove the adherence between alumina and nickel. The conductor
surfaces located in the slot insulation area were bare nickel.
The assembled slot test model was subjected to a short-term(170 hours) test in an ions-pum ed vacuum furnace. Chamber pressure
during the test was in the 10-F to 10- 7
 torr range, and test tem-
peratures were taken up to 1700° F. Both do insulation resistance
and ac leakage currents were determined with 1000 volts applied
phase-to-phase (between conductors) and 600 volts applied between
each conductor and ground (statorette).
Figure IV-$ is a plot of average compositedo insulation values(ohms) obtained for phase -to-phase and phase -to-ground testing as a
function of statorette temperature. Figure IV-9 is a similar plot
for ac leakage current (u amps). These values compare favorably
with the Inconel-clad
 silver conductor and fiber glass served in-
sulation which were tested on Contract NAS3-6465-using alumina
stator slot liners. (See figures II-4, II-5, and II-6 in Section II
of this report).
A corona tester was used to determine incipient breakdown volt-
age between windings and from each winding to ground. In each case
corona occurred at approximately 2300 volts '
 and the breakdown
voltage was over 4000 volts ac. This test was carried out at room
temperature with a chamber ;pressure of 1.3 x 10-6 torr.
Figure IV-7. - Photograph of the Single-Slot Test Block with
Pyrolytic Boron Nitride Slot Insulation and
Pure Nickel Rectangular Conductors.
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PROGRAM FOR NEXT QUARTER
l) Complete the manufacture of detail parts for a preliminary
test statore tte.
2) Begin preliminary testing of the first statorette assembly.
A n
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SECTION V
REFERENCES
The following report was published previously on this program:
Toth, J. W., "Development of High Temperature Electrical Materials,"	 r
First Quarterly Report (WAED 6832E), August 1968.
TASK I, CONTINUATION OF 1300° F HOT SPOT, 5000-HOUR TEST
TO 10,000 HOURS ON ELECTRICAL COMPONENT MODELS
.Li-1. Kueser, R. E., et al: Magnetic Materials Topical Report,
NASA-CR-54091, Contract NAS3-4162, Sept. 1964.
I=-2. Kueser, P. E., et al Electrical Conductor and Electrical
Insulation Materials Topical Report, NASA-CR-54092,
Contract NAS3-4162, October 1964.
1I-3. Kueser, P. R., et al: Bore Seal Technology Topical Report,
NASA-CR-54093, Contract NAS3-4162, Dec. 1964.
II-4. Kueser, P. E.; and Toth, J. W.: Bore Seal Development and
Simulated Space Evaluation of High-Temperature Electrical
Materials and Components Topical Report, WAED 67.46E, Con-
tract NAS3-6465, Nov. 1967.
i'
TASK II, HIGH TEMPERATURE CAPACITOR DEVELOPMENT
III-1. Stapleton, R. E: High Temperature E;a acitor Topical Report,,P	 4	 P	 P	 P
WAED 67.24E, Contract NAS3-6465, May 1967.
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APPENDIX
OUTLINE OF POST ENDURANCE EVALUATION TESTS,
,ANALYSES, AND EXAMINATIONS
ELECTRICAL CHARACTERISTICS OF THE TRANSFORMER (IN VACUUM
CHAMBER AT ROOM TEMPERATURE)
A. Electrical Characteli.stics - The following transformer
electrical characteristics will be determined:
(1) Conductor resistance - secondary (low voltage) winding.
(2) ,A-C electrical leakage current.
a. Primary (high. voltage) winding to secondary
(low voltage) winding
b. Primary and secondary to ground.
(3) D-C insulation resistance.
ELECTRICAL CHARACTERISTICS OF THE SOLENOIDS (IN VACUUM
CHAMBER AT ROOM TEMPERATURE)
A. Electrical Characteristics The following electrical
characteristics of specified solenoids will be determined:
(1) Conductor resistance-intermittently energized solenoid.
(2) D-C insulation resistance - both intermittently
energized and continuously energized solenoids.
(3) A-C electrical leakage current - intermittently
energized solenoid.
(4) Pickup and minimum hold voltage intermittently
energized solenoid.
EXAMINE VACUUM CHAMBER AND FURNACE PARTS, THERMOCOUPLES, LEADS,
AND INSULATORS - TRANSFORMER AND SOLENOIDS VACUUM, TEST CHAMBER
A. Visual Examinations - Vacuum chamber and furnace parts,
thermocouples, leads, and insulators will be examined
for deposits and/or discolorations (e.g. silver). Any
deposits and/or discolorations will be investigated first
by microscopic examinations. Then, if necessary, by ap-
propriate physical and/or chemical examination.
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Samples of deposits located can the test chamber surfaces(which have been numbered according to a grid system) willbe collected by using the appropriate chemical agent on
swabs made from filter paper.	 The filter paper will be
Genuine Whatman No. 42 double acid cesned "ash.lesc " filter
paper.	 The ash content of this paper is 0.440005 grams
per square inch.	 The filter paper swabs will then be
placed in numbered Nalgene laboratory specimen containers j
with fitted lids,	 The specimen container numbers will be
related to the numbered grid area on the surface area
under examination,
4.	 EVALUATION OF THE TRANSFORMER AND SOLENOIDS VACUUM TEST CHAMBER
AND INSTRUMENTATION PARTS
Evaluation of any tests or examinations on deposits and/ordiscolorations will be done in light of findings in the trans-
former and solenoids areas and to establish the suitability of
the test chamber and accessories for the thermal vacuum test.
5.	 ELECTRICAL CHARACTERISTICS OF TIE, INTERMITTENTLY ENERGIZED
SOLENOID (BENCH TEST AT ROOM TEMPERATURE)
A.	 Electrical. Characteristics - The following electrical
characteristics will be determined;
(1)	 Conductor resistance.
(2)	 A-C electrical leakage current.
f
(3)	 D-C insulation resistance. t
6.	 HIPERCO 27 ALLOY MAGNETIC MATERIAL FROM THE INTERMITTENTLY
ENERGIZED SOLENOIDS, HOUSING, END BELL, AND PLUNGER.
A.	 Visual. Examinations - The following Hiperco 27 alloy ( iron-
27 percent cobalt) parts will be given visual examinations:
(1)	 End bell.
(2)	 Housing.
r
()
	
Plunger.
Typical areas will be selected for further investigation.
If critical areas are found, Such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by approprip^te metallographic, physical, or
chemical examination.
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IB. Coercive Force Measurement Coercive force will be
, determined-on the following Hiperco 27 alloy (iron--27
percent cobalt) part:
(1) Plunger. (This plunger was used in a solenoid on
NASA contract NAS3-6465 whet_ it was vacuum exposed
for 5000 hours in a 1100"F hot spot test. Typical
coercive ,force measurements on solenoid parts will
be determined on the continuously energized sole-
noid	 see 10D.)
7. INCONEL CLAD SILVER CONDUCTOR FROM THE IWERMITTENTLY ENERGIZED
SOLENOID.
A. Visual Examination - Inconel clad silver will be given visual
examinations. Typical areas will be selected for further
investigation.' If critical areas are found, such as ones
having deposits and/or discolorations, they will be photo-
graphed and investigated; first by microscopic examinations;
then if necessary, by appropriate metallographic, physical,
or chemical examination.
B. Metallographic Examinations - Metallographic examinations
will be conducted on the following sections of Inconel
clad silver conductor;
(l) Longitudinal.
(2) Transverse.	 . a,
Interpretations will be made and significant observations
11 b	 d d	 hotomicro ,^a hsW	 a recor e by p	 g^ p_ .
8. ANADUR "S"-CONDUCTOR ELECTRICAL INSULATION-FROM THE INTERMITTENTLY
ENERGIZED SOLENOID
A. Visual Examination - Anadur "S" insulation will be given visual
examinations. Typical areas will be selected for further
investigation. If critical areas are found, such as ones
Waving deposits and/or
 
discolorations, they will be photo-
graphed and investigated; first by microscopic examinations,
then, if :necessary,_ by appropriate physical or chemical	 1
examination
B. Chemical Analyses The following types of chemical analyses
will be performed on Anadur "S" specimens:_
{li Qualitative and semi-quantitative chemical analyses`
(by emmission spectrograph) will be performed on samples
of the following:
a. Unaged Anadur "S" (control)
b. Anadur "S" from the intermittently energized 1
solenoid.
Interpretations will be made and elements for quanta,
tive analyses will be selected.
(2) Quantitative analyses (by emission spectrograph) will
be performed for two selected elements (e.g., boron
from boron nitride and silicon from Anadur "S" glass
(silica) serving) on samples of the following:
a. Unaged Anadur "S" (control,)
b. Anadur "S " from the intermittently energized sole-
noid .
r	 C. Microscopic Examinations The following Inconel clad silver
conductors with Anadur "S" insulation will be mounted and
examined as longitudinal cross sections:
n (1) Unaged Anadur "S" (control).
(2) Anadur "S" from the intermittently energized solenoid.
Interpretations will be made and significant observations
will be recorded by photomicrographs.
9. ELEC'!T'R,ICAL CHARACTERISTICS OF THE CONTINUOUSLY ENERGIZE SOLENOID
(BENCH TEST AT ROOM TEMPERA' TUR,E
if-the cause of the grounded condition of the continuously
energized solenoid can be determined and corrected without dis-
assembly of the solenoid, then this solenoid will be tested to
determine the same characteristics as the intermittently energized
solenoid, i.e:
(l) Conductor_ resistance.
iF	 (2) D-C insulation resistance
4	 (3) A-C electrical leakage current.
(4) Pickup and minimum hold voltage.
r	 .
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10. HIPERCO 27 ALLOY MAGNETIC MATERIAL FROM THE CONTINUOUSLY
ENERGIZED SOLENOID, HOUSING, END BELL, AND PLUNGER.
A. Visual Examinations - The following Hiperco 27 alloy (iron
27 percent cobalt) parts will be given visual examinations:
(1) Housing.
(2) End bell.
(3) Plunger.
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or di.scolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate metallographic, physical, or
chemical examination.
B. Metallographic Examinations - Metallographic examinations
will be performed on Hiperco27 alloy ( iron-27 percent cobalt)
specimens from the following:
(1) End bell - next to the boron nitride chopped fiber
cement,which was used to secure ceramic parts in place.	 4
(2) End bell - away from the boron nitride chopped fiber
cement.
(3) Unaged bar (control) from which plungers and end bells
were made.
(4) Plunger stop - plasma-arc sprayed alumina interface.
Interpretations will be made and significant observations
will be recorded by photomicrographs.
	 b
C Chemical Analyses -Chemical analyses for the following ele-
ments will be performer] on _a sample of Hiperco 27 'alloy (iron-
27  percent cobalt) from the material specified.
1
-	 (1) Specimens of the following materials will be analyzed
for oxygen:
t
a. End bell
b. Unaged bar , (control) from which end bells were
made.
j
a
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(2)	 Specimens of the following materials will be analyzed
for nitrogen:
a.	 End bell - next to the boron nitride chopped fiber
cement which was used to secure ceramic parts in
place.
b.	 End bell —away from the boron nitride chopped ri
fiber cement.
c	 Unaged bar (control) from which end bells were
made.
s
D.	 Coercive Force Measurements - Coercive force will be de-
termined on the following Hiperco 27 alloy (iron 27-percent ,.
cobalt) specimens:
(1)	 End bell.
(2)	 Unaged bar (control) from which end bells and plungers
were made.
(3)	 Plunger.
11.	 CERAMIC PARTS FROM THE CONTINUOUSLY ENERGIZED SOLENOID
A.	 Visual Examinations - The following high alumina ceramic
parts will be given visual examinations:
(1)	 Plunger bushing.
(2)	 Plunger guide rod
(3)	 Plasma-arc sprayed alumina on the plunger stop.
i
(4)	 End plates.
(5)	 Thermocouple insulation.
(6)	 Lead insulation.
If critical areas are found,_ such as ones having deposits
and/or discoiorations, they will be photographed and in-
ventigated; first by microscopic examinations; then, if
necessary, by appropriate physical or chemical examination.
INCONEL CLAD SILVER CONDUCTOR FROM THE CONTINUOUSLY ENERGIZED
SOLENOID.
A. Visual'Exam nations Inconel clad silver will be given
visual examinations. Typical areas will be selected for
further investigation. If. critical. areas are found, such
as ones having deposits and/or discolorations, they will
be photographed and investigated; first by microscopic
examinations; then, it necessary, by appropriate metallo-
graphic, physical, or chemical examination.
B. Metallographic Examinations Metallographic examinations
will be performed on longitudinal and transverse sections
of Inconel clad silver conductors from the following lo-
cations:	 -
(1) Close to the failure.
(2) Away from the failure.
(3) Unaged material (control).
Interpretations will be made and significant observations
will be recorded by photomicrographs.
ANADUR "S"-CONDUCTOR ELECTRICAL INSULATION-FROM THE CONTINUOUSLY
ENERGIZED SOLENOID.
A. Visual Examination - Anadur "S" from a minimum of the following
locations will be examined:
M
(1) Near ground circuit.
(2) Outside windings - next to the boron nitride chopped
fiber cement which was used to secure ceramic parts
in place.
(3) Inside windings - away from the boron nitride chopped	 1
fiber cement.
(4) Lead wires.
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or discoloxations, they will be nhotoarached and investi-
12.
13.
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B. Chemical Analyses - The following types of chemical
analyses will be performed on Anadur '"S" specimens.
(1) Qualitative and semi-quantative chkvnical analyses(by emission spectrograph) will be performed on
samples of the following;
a. Anadur ' IS" from next to the boron nitride chopped
fiber cement which was used to secure ceramic
parts in place.
b. Anadur ' I S" away from the boron nitride chopped
fiber cement.
Interpretations will be made and elements for quanti-
tative analyses will be selected.
(2) Quantative analyses (by emission spectrograph) will
be performed for two selected elements (e.g., boronfrom boron nitride chopped fiber cement and silicon-
from Anadur "S" glass (silica) serving) on samples of
the following:
a. Anadur ' IS" from next to the boron nitride chopped
fiber cement which was used to secure ceramic parts
in place.
b. Anadur "S" away from the boron nitride chopped.
fiber cement.
C. Microscopic Examinations - Anadur "S-' insulation from the
following locations will be given microscopic examinations
in longitudinal sections.
(1) Anadur I S" from. both sides of the ground circuit.
(2) Typical Anadur "S" from the solenoid.
14. BORON NITRIDE CHOPPED FIBER CEMENT FROM THE CONTINUOUSLY
ENERGIZED SOLENOID
A. Visual Examinations - Boron nitride chopped fiber cement
from the following locations will be examined:
(1) Next to Anadur "S".
(2) Away from Anadur 'IS
Typical areas will be selected for further investigation.
If critical areas are found such as ones having deposits
= "A /^ %- A 4 C- r% 	 ^r=A-; ^.%dn	 4•l, acs uri 1 1 l ea	 anr9 i ntreac+- i —
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B. X-Ray Diffraction Analyses - X-ray diffraction analyses
on samples of the following materials will be conducted:
(1) Unaged boron nitride chopped fiber cement (control) .
(2) Boron nitride chopped fiber cement from the continuously
energized solenoid.
15. CONSTRUCTION MATERIALS FROM THE CONTINUOUSLY ENERGIZED SOLENOID.
A Visual Examinations - The following construction materials
will be given visual examinations:
(1) Hastelloy B stop plate.
(2) Mallory 1000 weight.
(3) 321 Stainless Steel "0" Ring.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate metallographic, physical,or
chemical examination.
16. ELECTRICAL CHARACTERISTICS OF THE TRANSFORMER (BENCH TESTS AT
ROOM TEMPERATURE)
A. Electrical Tests The following transformer electrical
characteristics will be determined:
(1) Conductor resistance - secondary (low voltage) winding.
(2) A-C Electrical leakage current.
a. Primary (high voltage) winding to secondary
( low voltage) winding.
b. Primary and secondary windings - each to ground.
(3) D-C electrical insulation resistance.
1i
1
r
z
f
4
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate metallographic, physical, or
chemical examination.
A Metallographic Examinations - Metallographic examinations
will be performed on the following hiiperco 27 alloy (iron-
27 percent cobalt) materials:
(1) Transformer lamination.
(2) Unaged lamination (control,).
Interpretations will be made and significant observations
w11 be recorded by photomicrographs.
C. Microhardness Surveys - Mac rohardness surveys will be con-
ducted on the mounted Hiperco 27 alloy (iron-27 percent
cobalt) metallographic examination specimens, i.e.
(1)= Transformer lamination.
(2) Unaged lamination (control)
Interpretations will be made and significant observations
will be recorded by photomicrographs.ro hs 
D. Coercive Force Measurements - Coercive force determinations
will be performed on ti`,e following Hiperco 27 alloy (iron-
27 percent cobalt) materials:
(1) Transformer laminations.
(2) Unaged laminations (control) .
E. Chemical Analyses Specimens of the following Hiperco 27
alloy (iron 27-percent cobalt) materials will be analyzed
3
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F. Interlaminar Insulation Examinations - General visual and
microscopic examinations will be performed on Hiperco 27
alloy lamination interlaminar insulation (plasma-arc
sprayed alumina) surfaces and cross sections.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate physical or chemical examination.
G. Interlaminar Insulation Resistance - Interlaminar insula-
tion resistance will be measured on the following:
(1) 'transformer laminations.
(2) Unaged laminations (control)
18. CERAMIC COIL FORM FROM THE TRANSFORMER
A Visual Examination - Ceramic coil form parts will be given
visual examinations. If critical areas are found, such
as ones having deposits and /or discolorations, they will
be phtographed and investigated first by microscopic ex-
aminations; then, if necessary, by appropriate physical or
chemical examination.
19. INCONEL CLAD SILVER CONDUCTORS FROM THE TRANSFORMER PRIMARY
AND SECONDARY WINDINGS.
A. Visual Examinations - Visual examinations will be performed
on the following Inconel clad silver conductors:
	
E
,x(1) Primary (high voltage) winding	 close to failure.
(2) Primary winding - away from the failure.
(3) Secondary
	
g(low volta e) winding.
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate metallographic, physical, or
chemical examination.
B. Metallo rah g p is Examin tions - Metall graphic examinations
will be performed on Inconel clad silver conductorspecimens
from the following areas
(1) Secondary winding.
(2) Primary winding close to failure.
	 j
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(3)	 Primary winding - away from failure.
(4)	 Unaged primary conductor (control)
(5)	 Unaged secondary conductor (control).
Interpretations will be made and significant observations
will be recorded by photomicrographs.
20.	 BORON NITRIDE PAPER ELECTRICAL INSULA'T'ION FROM THE TRANSFORMER(LAYER-TO-LAYER)
A.	 Visual Examination - Boron nitride paper insulation from
the following areas will be given visual examinations;
(1)	 Within primary (high voltage) windings.
(2)	 Between primary and secondary (low voltage) windings.
(3)	 Unaged material	 (control).
Typical areas will be selected for further investigation. ¢:
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate physical or chemical examination.
B.	 Electrical Tests - Five a-c electrical breakdown tests
will be conducted on each of the two samples from the
following areas:
(1)	 Within primary (high voltage) .
(,2)	 Between primary and secondary.
(3)	 Unaged material	 (control) .
C.	 X-Ray Diffraction Analyses -- X-ray diffraction analyses
will be performed on samples of boron nitride paper from
the following areas:
(1) Transformer - next to Anadur "S".
(2)	 Unaged material (control) .
21	 ANADUR "S"-ELECTRICAL INSULATION - FROM THE TRANSFORMER PRIMARY
AND SECONDARY CONDUCTORS. .`
i
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A. Visual Examinations - Anadur "S" electrical insulation from
the following areas will be given general visual examina-
tions:
(1) primary (high voltage) winding.
('2) Secondary (low voltae) winding.
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic, examinations, then, if
necessary, by appropriate physical or chemical examination.
B. Microscopic Examinations - Anadur "S" specimens from the
following areas will be mounted with Inconel clad silver
conductors, sectioned, and subjected to microscopic examina-
tions:
i(1) Transformer primary away from the open circuit.
(2) Transformer primary at the open circuit_.
(3) Unaged primary (control).
(4) Transformer secondary.
(5) Unaged Secondary (control) .
Interpretations will be made and significant observations
will be recorded by photomicrographs.
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C. Chemical Analyses - The following types of chemical analyses
will be performed on Anadur 'S" specimens:
(1) Qua i.itative and semi-quantitative chemical analyses
(by emission spectrograph`) will be performed on
samples of the following Anadur "S":
a. Transformer. primary.
J
b. Transformer secondary.
i
c. Unaged material (control)
Interpretations will be made and elements for quanti-
tative analyses will be selected.
(2) Oiantitative analyses (by emission spectrograph) will
bt performed For two specified elements (e.g., boron
from boron nitride paper insulation and silicon from
hnzidur "5" glass (silica) serving) on samples of the
followings
a. Transformer primary.
b. Transformer secondary,
c. Unaged material (control).
101. ELECTR.LhL CHARACTERISTICS OF THE STATOR (IN VACUUM CHAMBER AT
1300°F HOT SPOT TEMPERATURE)
A. Electrical Characteristics - The following electrical
characteristics will be determined:
(1) Conductor Resistance each phase.
(2) A-C electrical leakage current.
a. Phase-to-Phase.
b. Phase-to-ground.
(3) D-C insulation resistance.
a. Phase-to-phase.
b. Phase-to-ground.
(4) Electrical breakover voltage.
a. Phase-to-phase.
b. Phase-to-ground.
Chamber pressures will be recorded after the electrical data,
as has been done before (approximately one-half hour later)
102. STEADY-STATE-TEMPERATURE ELEd4R:CAL CHARACTERISTICS OF THE
STATOR DURING COOLING TO ROOM TEMPERATURE.
A. Electrical Tests and Test Procedures The following pro-
cedures and tests will be used to determine electrical
characteristics:
(1) Turn stator power off.
(2) Reset furnace to obtain aging temperature (1300"F).
(3) Perform tests 1, 2, and 3 described in heading 101(with furnace heat only)
(4) Reduce furnace power to attain a temperature of ap-
proximately 1050°F.
	
r
(S) At steady state temperature conditions perform tests
as in 3 above.
(6) Perform items 4 and 5 above a second and third time
103. ROOM TEMPERATURE ELECTRICAL CHARACTERISTICS OF THE STATOR
(IN CHAMBER) .
A. Electrical Tests - The following electrical characteris-
tics will be determined:
(1) Conductor resistance - each phase.
(2) A--C electrical leakage current.
a. Phase- to-Phase.
b. Phase-to-Ground.
(3) D-C Insulation resistance.
a. Phase- to-Phase.
b. Phase- to-Ground.
104. EXAMINE VACUUM CHAMBER AND FURNACE PARTS, THERMOCOUPLES, LEADS,
AZ%M INSULATORS STATOR AND BORE SEAL VACUUM TEST CHAMBER.
J.
A. Visual Examinations - Vacuum chamber and furnace parts,
thermocouples, leads, and insulators will be examined
for any deposits and/or discolorations, e.g. silver and
potassium.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate physical or chemical examination.
Samples of deposits located on the test chamber surfaces
(which have been numbered according to a grid system) will
be collected by using the appropriate chemical agent can
swabs made from filter paper. The filter paper will be
Genuine Whatman No. 42 double acid washed "ashlers" filter
paper. The ash content of this paper is 0.000005 grams
per square inch. The filter paper swabs will 'then be
placed in numbered Nalgene laboratory specimen containers
with fitted lids. The specimen container numbers will be
related to the numbered grid area on the surface area
under examination.
105. EVALUATION OF STATOR AND BORE SEAL VACUUM TEST CHAMBER AND
INSTRUMENTATION PARTS.
Evaluation of any tests or examinations on deposits and/or
discolorations will be done in light of findings in the
stator and bore seal areas and to establish the suitabilitv
K	
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106. ELECTRICAL CHARACTERISTICS OF THE STATOR (BENCH TEST AT ROOM
TEMPERATURE)
A. Electrical Characteristics - The following electrical
characteristics will be determined:
(1) Conductor resistance - each of three phases.
(2) A-C electrical leakage current.
a. Phase-to-Phase.
b. Phase-to-Ground.
(3) D-C insulation resistance.
a. Phase-to-Phase.
b. Phase-to-Ground.
107. INCONEL CLAD SILVER CONDUCTOR FROM THE STATOR.
A Visual Examination - Inconel clad silver will be given
visual examinations.
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and
investigated; first by microscopic examinations, then, if
necessary, by appropriate physical or chemical examination.
B. Metallographic Examinations- Metallographic examinations
will be conducted on the following sections of Inconel
clad silver conductor:
(1) Transverse section from a stator slot.
(2) Longitudinal section fr ,)m a stator end turn.
(3) Longitudinal and transverse sections of unaged
.material (control).
Interpretations will be made and significant observations
will be recorded by photomicrographs.:
to determine the concentration gradient of the elements
of .interest. These will be conducted on mounted specimens
from selected sections of both aged and unaged stator
conductor. Interpretation will be made, and significant
observations will be reported.
108. ANADUR "S" - CONDUCTOR ELECTRICAL INSULATION-FROM THE STATOR.
A. Visual Examinations - Anadur " S" insulation from the fol-
lowing locations will be given visual examinations:
(1) End turns.
(2) Slots.
( ) Next to the boron nitride chopped fiber cement which
was used to secure ceramic parts in place.
(4)	 Away from the boron nitride chopped fiber cement.
Typ ical area s will be selected for further investigation.
If critical areas are found,
	
such as ones having 'de-posits and/or discolorations, they will be photographed
and investigated; first by microscopic examinations,
	 then,
if necessary, by appropriate physical or chemical examination.
B.	 Chemical Analyses - The following types of chemical analyses
will be performed
^r
( 1 )	 Qualitative and semi-quantitative chemical analyses
(by emission spectrograph) will be performed on
samples from the following areas:
a.	 Next to boron nitride chopped fiber cement which
was used to secure ceramic parts in place.
b.	 Away from boron nitride chopped fiber cement.
(2)	 Quantitative analyses (by emission spectrograph) will
be performed for two selected elements (e.g. boron
from boron nitride chopped fiber cement and silicon
from the silica "S" glass serving) on samples from
the following areas:
a.	 Next to the boron nitride chopped fiber cement
which was used to secure ceramic parts in place.
:b.	 Away from the boron nitride chopped fiber cement.
Inconel clad silver conductorsC.	
Microscopic Examinsulat ionw th Anadur
 from the following locations
will be examined as longitudinal cross sections:
(1) End turn.
(2) Stator slot.
Interpretations will be made and significant observations
will be recorded by photomicrographs.
109. BORON NITRIDE CHOPPED FIBER CEMENT FROM THE STATOR.
A. Visual Examinations - Boron nitride chopped fiber cement
(used to secure ceramic parts in place) from the following
locations will be examined:
(1) Next to the Anadur "S" insulation.
(2) Away from the Anadur "S" insulation.
Typical areas will be selected for further investigation.
If critical areas are found, such as ones having deposits
and/or discoloraticns, they will be photographed and in-
vestigated; first by microscopic examonations; then, if
necessary, by appropriate physical or chemical examination.
B. X-Ray Diffraction Analyses -- X-ray diffraction analyses
will be performed on samples of boron nitride chopped fiber
cement from the following locations:
(1) Next to the Anadur 'IS".
(2) Away from the Anadur "S" insulation.
110. SLOT LINERS AND WEDGES FROM THE STATOR.
A. Visual Examinations - The following ceramic parts will be
given visual examinations.
(1) Slot liners.
(2) Wedges.
c
If critical areas are found, such as ones having .depositsi
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessa ry, by appropriate physical or chemical examination. ro r^ .  h  
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B. Electron Microprobe Analyses Electron microprobe analyses
to determine the concentration gradient for two contaminating
	
I
elements will be made on rigid insulation pending results
from chemical analysis.
111`. HIPERCO 27 ALLOY LAMINATIONS FROM THE STATOR.
A. Visual Examinations Hiperco 27 alloy laminations from
the following locations will be given visual examinations:
77
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(1) Next to boron nitride chopped fiber cement.
(2) Away from boron nitride chopped fiber cement.
Typical areas will be selected for further investigation.
Lf critical area	 are found, such as ones having deposits
and/or discolora	ey will be photographed and in-
vestigated; first	 copic examinations; then,	 if
necessary, by appropr	 llographic, physical, or
chemical examination.	 %
B. Metallographic Examinations - Metallographic examinations
will be performed on material from the following locations:
(1)	 Next to the boron nitride chopped fiber cement which
was used to secure ceramic parts in place.
(2)	 Away from the boron nitride chopped fiber cement.i
(3)	 Unaged stator lamination (control).
Interpretations will be made and significant observations
will be recorded by photomicrographs.
C. Microhardness Surveys - Microhardness surveys will be con-
ducted on mounted Hiperco 27 alloy metallographic specimens
i.e.:
(1)	 Next to boron nitride chopped fiber cement.
(2)	 Away from boron nitride chopped fiber cement.
ar
(3)	 Unaged stator lamination (control).
Interpretations will be made and significant observations
will be recorded by photomicrographs.
D. Coercive Force Measurements- Coercive force determinations
will be made on the following specimens:
(1)	 Stator lamination.
(2)	 Unaged lamination (control) .
E. Chemical Analyses - Specimens of Hiperco 27 alloy lamina-
tions from specified locations will be analyzed for the
following:
(1)	 Oxygen - Sample from away from boron nitride chopped
fiber cement
(2)	 Oxygen - Unaged lamination (control).
78
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(3) Carbon - Sample from away from the boron nitride
chopped fiber cement.
(4) Carbon - Unaged lamination (control).
(5) Nitrogen - Sample from next to the boron nitric e
chopped fiber cement which was used to secure
ceramic parts in place.
(6) Nitrogen Sample from away from the boron nitride
chopped fiber cement.
K	 (7) Nitrogen	 Sample of unaged stator lam;inatioii (control) .
F. Interlaminar Insulation Examinations - General visual and
macroscopic examinations will be performed on unaged and
aged stator Hiperco 27 alloy lamination interlaminar
insulation surfaces and cross sections.
G. Interlaminar Insulation Resistance Measurements - Inter-
laminar insulation resistance will be measured on the
following`:
(1) Stator lamination. i
(2) Unaged lamination (control)
112. MECHANICAL FUNCTION PARTS FROM THF. BORE SEAL AND STATOR,
A. Visual Examinations - The following mechanical function
parts will be given visual examinations:
(1) Housing of Hiperco 27 alloy,
	
M
(2) Retaining ring of Hiperco 27 alloy.
(3) End Bells of Hastelloy B.
(4) Pedestal of Hastelloy B.
If critical areas are found, such as ones having deposits
and/or di,scolorations, they will be photographed and
investigated; first by microscopic examinations, then, if
necessary, by appropriate metallographic, physical, or
chemical examination.
113. EXAMINE BORE SEAL EXTERIOR (BORE SEAL LOADED WITH POTASSIUM).
A. Visual Examination Bore seal exterior will be visually
examined.
r___ .
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if critical areas are found, such as ones having deposits
and/or discolorati.ons, they will be photographed and in-
vestigated; first by microscopic examinations; then, if
necessary, by appropriate physical or chemical examination.
13. Radiographic Examination The bore seal will be radio-
graphed to determine the following:
(1) Location of condensed potassium.
(2) Location of any internal flaws in the metal, ceramic,
or brazed joints.
114. UNLOAD POTASSIUM FROM BORE SEAL.
The bore seal will have its potassium unloaded and analyzed
according to the following procedure:
A. The bore seal (except loading tube) will be heated and the
loading tube cooled to vapor transport and flow potassium
into the loading tube.
B. The bore seal will be radiographed to ve: , i fy the location
of the majority of the potassium.
C. The loading tube will be cut off to remove the majority of
the potassium. This will be done in a glove box under, a
cover of high purity (99.995 percent) argon.
D. All potassium will be slowly neutralized with spectrographic
grade methanol (thus forming potassium methylate) under
high purity argon (argon will be flowed directly into the
bore seal interior). Potassium exposed surfaces will be
rinsed with methanol several times until there is no detect-
able reaction. This determination will be made by analyzing
rinse methanol for potassium with a flame photometer and
comparing this with a similar analysis of the starting
methanol. Potassium methylate exposed surfaces will be
rinsed with distilled water to assure collection of all
potassium methylate and to remove any water soluble or in-
soluble substances. Concentrated high purity hydrochloric
acid will be added to the solution and the solution evaporated
to potassium chloride (a salt). A standard for reagent
impurity analysis will be processed with potassium from the
bore seal. This standard will be made using high purity
potassium chloride and the same quantity of reagents as
above. This will be evaporated to potassium chloride.
E. Bore seal residue from evaporation of clean up solutions,
reagent standard residue, and the standard high purity potassium
chloride will be analyzed (by mass spectrograph) for the
following metallic impurities,;
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T(1) Columbium.
(2) Beryllium.
(3) Vanadium.
(4) Zirconium.
.	 F.	 The bore seal parts will be rinsed with methanol to remove
residual water.
G.	 The bore seal parts will be clean fired at 1832°F for
10 minutes at a pressure no greater than 5x10-6 Corr.
H.	 The bore seal will then be placed in a tight enclosure
to keep the device clean during storage and shipment.
115. EXAMINE BORE SEAL EXTERIOR (BORE SEAL EMPTY)
Nw	 A. Visual Examination The bore seal will be given visual
and microscopic examinations as warranted.
If critical areas are found, such as ones having deposits
and/or discolorations, they will be photographed and in-
vestigated; first by microscopic examinations then, if
necessary, by appropriate_ physical or chemical examination.
116. CUT BORE SEAL IN HALF.
A. Selecting the Plane for Cutting One longitudinal half
of the bore seal will be selected, on the basis of visual
and radiograph examinations, as the location of specimens
for further evaluation.
B. Bore Seal Cutting The bore seal will be cut in half in
a specified longitudinal plane (i.e., a plane containing
the axis of the bore seal tube) at a facility that can
safely and satisfactorily perform the work.
C. Visual Examinations - The bore seal interior will be given
visual and microscopic examinations. If critical areas
are found, such as ones having deposits- and/or discolorations,
they will be photographed and investigated; first by micro-
scopic examinations; then, if necessary, by appropriate
physical or chemical examination.
117. SELECT AND OBTAIN SPECIMENS FOR FURTHER INVESTIGATION.
A. Select Sections for Modulus-of-Rupture Bars The location
of fifteen modulus-of-rupture bars will be specified
Each bar will have an as-cut length of one inch or greater
and a width of 0.1 inch or greater. The one inch dimension
will be parallel to the axis of the beryllia tube. These
bars will be in the selects bore seal half.
al
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B. Select Areas for Further investigation -- Two sections ofbrazed joints will be selected for examinations and analyses.
Any other areas requiring further 'nvestigation will be
specified for removal. it is anticipated that all these
sectionswill come from the selected half of the bore seal.
C. Cut Specimens Selected specimens will be cut using a
diamond cut off wheel and appropriate safety precautions,
118. INVESTIGATION OF SELECTED AREAS.
119.
A. Electron Microprobe Analyses of Brazed Joints Electron
microprobe analyses will be conducted on two brazedjoint specimens. Each specimen will consist of: backup
ring beryllia, braze material, columbium-1 percent zir-
conlum, braze material, and a short length of potassium
exposed beryllia tube. Each specimen will be analyzed
for z-irconium, vanadium, columbium, potassium, and oxygen.
(Beryllium content will be approximated by a difference
calculation.)
B. Microscopic Examination of Brazed Joints Each of the
two electron microprobe specimens will be given micro-
scopic examinations, i.e., the various materials and their
respective interfaces. Interpretations will be made and
significant observations will be recorded by photomicro-
graphs.
C. Microha.rdness Scans Across Brazed Joints - Microhardnesses
of tine various materials and, as possible, interfaces will
be determined on the electron, microprobe specimens.
Interpretations will be made and significant observations
will be recorded by photomicrographs.
D. Investigation of Other Areas - If other bore seal areas
show definite corrosion they will be investigated,first
by microscopic examinations; then, if necessary, by appro-
priate chemical or physical investigations.
PREPARATION AND TESTING OF MODULUS-OF--RUPTURE BARS.
A. Preparation of Nbdulus-of-Rupture Bars As cut modulus
-of-
rupture bars will be prepared for testing as follows:
(1) As cut bars will be diamond ground to a square cross
section of slightly less than 0.1 inch dimension.(This will remove the radius of curvature of the
tube) During this operation the potassium exposed
side will remain identified.
I
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(2) Ground-to-size bars will be cleaned and clean-fared
at 1932°F for 10 minutes at a pressure no greater
than 5x10-6 torr (as were the bars on the previous
program, NASA Contract NAS3--6465)	 During this
operation the potassium exposed side will remain iden-
tified.
B. Testing of modulus-of-rupture bars - Modulus-of-rupture bars
will be divided into three five-bar groups. Modulus-of-
rupture (flexural strength) will be determined using the
same four-point loading fixture as was used on NASA contract
NAS3-6465. Groups of bars will be tested as follows_:
(l) Longitudinal specimens:
(2) Circumferential specimens ( potassium side in ten-
sion). Outside of pore Seal
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t
I
 F
Loading
	
h ^ ►
Tension	 .^
Side	 '	 `►
Inside of Bore Seal
(3) Circumferential specimens (p t sium side in compression) .
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Figure A-2. - Flow Sheet for Post-Test Evaluation Events
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